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SUMMARY OF A STUDY OF STELLAR DISTRIBUTION. 


By Hartow SHAPLEY AND ANNIE J. CANNON. 


Presented March 12, 1924. Received December 10, 1923. 


THE study and classification of the spectra of stars during the past 
thirty years at Harvard has culminated in the preparation of the 
Henry Draper Catalogue, which contains, in nine volumes, the posi- 
tions, magnitudes, and spectral classes of a little more than 225,000 
stars. With this new survey, which covers the whole sky and extends 
in places to the tenth magnitude and fainter, a considerable advance 
can be made in the analysis of the distribution of stars in space and on 
the surface of the sky. 

In the past, Seeliger, E. C. Pickering, Stratonow, Kapteyn, and 
many others have made extensive investigations of the distribution 
of stars, for the problem is recognized as fundamental in the study of 
galactic structure. Kapteyn and his associates in late years have 
examined, as far as possible, the spatial distribution, and for the 
brighter stars Pickering, among others, has considered the distribution 
with regard to spectral class as well as position and magnitude. It 
has long been recognized that the distribution differs greatly for the 
different classes, but up to the present time the study, for the whole 
sky, of the various spectral types separately has been possible for only 
the few thousand naked eye stars. 

The discussion of the Henry Draper Catalogue has been in progress 
at the Harvard Observatory for the last three years. The report on 
the results given in the present paper is in the nature of a general 
summary of a number of investigations, most of which have already 
appeared in Harvard Observatory publications. The discussion is 
mainly based on the first manuscript of the catalogue, but the subse- 
quent additions and revisions, incorporated in the printed volumes, are 
statistically unimportant. 


I. GENERAL AND MISCELLANEOUS RESULTs. 


1. In classifying a star, the spectrum has been assigned to one of 


about forty different subtypes, which are grouped into eleven classes. 
A few spectra appear in, the less common classes P, O, R, N, S, Md, or 
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they were designated as “peculiar” or “continuous.” More than 
ninety-nine per cent, however, have been assigned to the ordinary 
classes B, A, F, G, K, and M, indicating that the stars fall into a few 
typical groups. 

2. Approximately twenty thousand stars are found to have spectra 
essentially identical with that of the Sun. 

3. For statistical discussion the various subdivisions of the spectral 
classes are grouped into “divisions” as follows: 


Division Subdivisions 
B BO, B1, B2, B3, BS 
A BS, B9, AO, A2, A3 
F A5, FO, F2 
G F5, F8, GO 
kK G5, KO, K2 
M K5, Ma, Mb, Me 


The divisions are listed in order of increasing redness, and therefore in 
order of decreasing surface brightness. 

4. The distribution of 220,570 of the stars in the manuscript cata- 
logue among these six principal divisions is as follows: 


B G K M 
Number 3,567. 64,259 «21,120 46,552 


This tabulation, of course, does not differentiate the various intervals 
of apparent magnitude nor the positions with reference to the galactic 
plane. The relations of spectrum to apparent brightness and galactic 
coordinates are outlined later. 

5. The photographs for the spectra of faint stars were made 
principally with 8-inch telescopes and objective prisms at Arequipa, 
Peru, for the southern sky and at Cambridge for the northern. The 
more favorable location at Arequipa makes possible the classification 
of fainter stars for the southern hemisphere. The limit in apparent 
visual magnitude to which the catalogue is essentially complete may 
be placed at 8.25 for northern stars, and possibly half a magnitude 
fainter for southern; but to avoid errors of selection the present 
investigation has been limited in most details to stars brighter than 
magnitude 8.25. 

6. There are nearly sixty thousand stars in the manuscript cata- 
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logue brighter than this limit. Their distribution among the principal 
spectral classes is as follows (computed from Harvard Circular 226, 


1921): 

BO-5 2,061 F8 2,488 
B8 1,604 GO 2,754 
B9 2,¢02 G5 9,248 
AO 6,320 KO 11,504 
A2, 3 9,208 K2 4,008 
A5 1,352 K5 2,832 
FO 3,208 Ma 1,204 
F2 1,976 Mb, ec 455 
F5 3,904 Total 58,508 


7. If thestellar density for any spectral type were uniform through- 
out space, the number of stars visible should double with every increase 
of half a magnitude in brightness. This condition fails for all spectral 
divisions except G (H.C. 226). Apparently, then, the density falls 
off rapidly with increasing distance from the Sun, at least in directions 
away from the galactic plane. The anomalous behavior for the G 
stars of the catalogue indicates that they are predominantly dwarfs 
and are within the nearby region of fairly constant density. In low 
galactic latitudes, however, the decrease of space density with dis- 
tance is very small for all classes except B, as Kapteyn and van Rhijn 
have already shown. 

8. Naked eye stars are nearly twice as numerous in Class KO as in 
any other subdivision. About sixty per cent of the brighter stars, 
however, are earlier in spectrum than the Sun. 

9. The investigation of the distribution of stars of various spectral 
classes in different longitudes along the galactic equator brings out the 
following features: 

a. Stars of division A brighter than magnitude 6.5 show remarkable 
uniformity of distribution in longitude. There is little or no evidence 
of the various groupings found for the bright B stars. The A stars 
are not distinctly more numerous in the direction of the center of 
either the local system or the Galaxy proper (Cf. H. C. 229, 1922). 

b. Fainter stars of division A reveal through their distribution the 
relative nearness of the star clouds in Cygnus; and the Class B stars 
alone show the richness of the Carina region — the apparent center of 
the local cloud. 
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ce. Both the A and K stars between magnitudes 7.0 and 8.25 clearly 
show a deficiency in the region of the Taurus nebulosity, in galactic 
latitude —10°, longitudes 130° to 170° (H.C. 240, 1922, Fig. 2). 
Classes F and G in this region are unaffected, indicating that the 
majority of those stars fainter than magnitude seven are dwarfs, and 
thus are located between the nebula and the Sun. 

d. Assuming for the giant A and K stars an average absolute 
magnitude of +0.5, we compute that the distance of the obscuration 
in Taurus is not over three hundred parsecs, which agrees with esti- 
mates made by Dyson and Melotte, Pannekoek, and Seares. 

e. <A deficiency of stars of all spectral classes between longitudes 
340° and 20° on the galactic equator indicates the great rift in the 
Milky Way, which has long been considered an effect of obscuring 
matter. 

f. Giant stars brighter than the seventh magnitude appear to show 
the effect of the rift, suggesting that its nearer border may not be more 
than two hundred parsecs distant. 

g. Similarly, the early B stars yield an estimate of between two 
hundred and three hundred parsecs for the distance to the distinct 
nebulosities in the Scorpio-Ophiuchus region. 

10. The fainter stars of Classes Ma, Mb, and Me show a strong 
preference for the region of Sagittarius, which is apparently an indi- 
cation that they are highly luminous stars on the average, and that, 
like the novae, planetary nebulae, Cepheids, and O-type stars, they 
appear more frequently in the direction of the galactic center. 

11. Away from the galactic center there is but one-half the average 
number of long period variable stars, per unit area, and in the direction 
of the center (in Sagittarius) there is twice the average number 
(H.C. 245, 1923). 


Il. THe System. 


12. Figures 1 and 2, reproduced from Harvard Circular 239, show 
that the fainter B stars are confined closely to a narrow belt along the 
galactic circle, while the brighter stars of this division indicate the 
existence of a local star cloud, the central plane of which is not coinci- 
dent with the corresponding plane of the general Galaxy. The local 
system appears to be distinct from the general field of the Milky Way, 
and contains nearly all the bright B stars and probably many stars of 
the later spectral classes. Barnard’s dark nebulae also show a prefer- 
ence for this secondary galaxy. Hubble has shown that both the 
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luminous and obscuring extended nebulae appear to gather along the 
plane of the local system as well as along the galactic circle. Van de 
Linde has shown recently that all naked eye stars taken together 
indicate the existence of this preferential plane.? 

13. Of the 346 early B stars brighter than visual magnitude 5.25 
(Fig. 1), it is estimated that ninety per cent belong to the local cloud, 
the others to the general galactic field. Their distribution in sue- 
cessive intervals of forty degrees of galactic longitude is as follows, 
where the third column shows the inclination of ten to fifteen degrees 
between the planes of the local system and the Galaxy: 


(Median Number Motion umber Median 
20 24 ~ 20 220 55 ~ 70 
60 31 260 53 ~ 
100 300 65 410.5 
140 340 18 4145 
180 50 ~14.0 


14. Possibly eighty per cent of the early B stars in the magnitude 
interval 5.26 to 6.25 belong to the local system, and two-thirds of those 
in the interval 6.26 to 7.25. 

15. The distribution in longitude of the 719 B stars in the magni- 
tude interval 7.26 to 8.25 (Fig. 2) is tabulated below: 


Number Medion potion, Number Medion 
° ° 

15 32 —3.5 195 50 —3.5 
45 46 —0.5 225 79 —1.5 
44 0.0 2509 116 —().3 
105 46 —2.5 . 285 64 —1.5 
135 44 +1.5 315 ST —1.0 
165 65 —2.9 345 46 —1.5 


The excess of stars in longitude 255° (near the center of the local sys- 
tem) indicates that possibly twenty per cent of all B’s in this magni- 
tude interval are local stars. 

16. The average of the median galactic latitudes for B stars 
between 7.26 and 8.25 is —1°.4, which may be taken as the dip of the 
galactic circle for stars at the distance here concerned. 


1 Thesis, Rotterdam, 1921. 


3 
y 
2 
x 
je 


*o 


Z, 
Z, 
Z 
N 


| 
9 9 
> 
\ 
\\ \ “9 
\ \\ 
\ 
\\ 
VV\\\\ \ 
\\ 
\ 
\\\\ 
\ 
1. 
~ 
\ 
\ 
| 
+ 
| 
J 
| 
| | 
/ 
‘ 
y 
/, 
\ 
\\\ 
\ \ jf 
\\ A/ 
\ | 
\\ /y / 
/ 
/ 
\ \ j 
\ 
\ / \ 
\ \ 
\ \ V 
\ \ / 
é 
\ 
\ \ \ oe 
\ \ 
\ 

\ 

\ 
\ 


221 


SUMMARY OF A STUDY OF STELLAR DISTRIBUTION. 


94:94 


sopnyluseul UOISTATp Jo 


SIT}S JO UOTINGLIYSIP ANNAN 


=: 
3 8 
YG TS 
// \\\\e 
+/ 
ry \ \ \ A 
f / \ \ \ \ \ 
| iil \ \ \\\ 4 
\ \ 
Ses \ \ \ \ \ 
\ \ \ / \ aes 
\ \ \ 
\\ \ \ 
AS 
\\ A\\ JA; 
\ \ \\\\ \ \ ~ e / / 
\\ \\ \ \ | is / / Hh 
\\\\ \\ \\ | /, / 
\ \ \ \ e / f 


222 SHAPLEY AND CANNON. 


17. The corresponding distance of the Sun to the north of the 
galactic plane, 5= 10°? ‘"—™) +1 sin 1°.4, is in excess of fifty light years. 
An accurate determination of this quantity is not possible from the 
present data because of uncertainties in the average absolute magni- 
tude, M, of the distant B stars of apparent magnitude m, and also 
because of the unknown proportion of local and galactic objects. 

18. The diameter of the local cloud, which is probably very 
irregular in form, is of the order of one thousand parsecs. 

19. Stars of division A brighter than magnitude 6.5 show a devia- 
tion from the galactic plane of the same character as that shown by the 
B stars (H.C. 229). The inclination, however, is of the order of 5°, 
which may be considered as the resultant of the true inclination of the 
local cluster and of the zero inclination for the general galaxy of field 
stars. Possibly one-half of these bright A stars belong to the local 
cloud. 

20. The faint stars of Class AO show a high concentration to the 
primary galactic circle and no certain trace of the secondary. 

21. From the distributional data now at hand, it is difficult to say 
whether the local system includes only the bright early B stars and a 
part of the bright early A’s, or whether all spectral types are repre- 
sented, but so proportioned and distributed on the surface of the sky 
that only the more highly concentrated first type stars show the 
existence of the local cloud. 


Tue Gauactic CONCENTRATION. 


22. To study the concentration of stars to the plane of the Galaxy 
and the frequency of the different spectral classes in all galactic lati- 
tudes and longitudes, eighty-four fields were selected, each contain- 
ing one hundred square degrees. In every field all the stars of known 
. spectrum brighter than 8.25 were grouped with respect to type and 
magnitude. The fields cover more than one-fifth of the whole sky. 
In the region with galactic latitude less than 15°, however, they cover 
nearly one-half of the total area. The fields are centered along the 
equator and on the latitude circles at 10°, 30°, 45°, 60°, 75°, and 90°, 
in both hemispheres. | 

23. The galactic concentration is shown by the diagrams in Figures 
3a and 3b where the ordinates are numbers of stars per hundred 
square degrees and the abscissas are galactic latitudes. The diagrams 
in Figure 3a are for stars between magnitudes 7.0 and 8.25, while those 
in Figure 3b are for all stars to the fainter limit. 
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Ficure 3a. The concentration of stars toward the galactic circle. Abscissas 
are galactic latitudes. Ordinates are average numbers of stars for each 100 
square degrees. Magnitudes between 7.0 and 8.25. 


24. High concentration is shown for all B and A stars, a phenome- 
non long recognized for the brighter magnitudes, and for faint stars of 
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+90° +75° +60° +45° +30° +10° 0° -10°-30°-45 -60° -75 -90 
Ficure 3b. Same as Figure 3a, but for all magnitudes brighter than 8.25. 


all types together. It is well illustrated for the fainter B stars in 
Figure 2, where more than ninety per cent are seen to be within ten 
degrees of the galactic equator and only one-half of one per cent in 
higher galactic latitudes than 50°. 
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25. Little or no galactic concentration appears for F and G stars. 
They are largely dwarfs and a low concentration naturally results 
(Cf. No. 7 above). 

26. A very sharp contrast occurs in Figure 3 between B8—A3 and 
A5-F2 stars. This has been interpreted to mean a rapid decrease of 
absolute magnitude with advance of spectral class from AO to Ad 
(Cf. H.B. 796, 1923). 
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Figure 4. Galactic concentration of stars of Class A for four successive 
quarters of galactic longitude. The longitude interval for the first curve is 
10° to 90°. Ordinates and abscissas as in Figure 3. 


27. The superficial density is fairly uniform between 45° and 90° 
in both hemispheres for all spectral divisions except A. It does not 
fall off with increasing latitude, and, in fact, in Figure 3 a slightly 
greater density appears for F, G, and M stars at the poles than at 
latitudes 60° and 75°. 

28. Longitude plays an important part in galactic concentration, 
largely because of the influences of the Cygnus star clouds, of the dark 
nebulosities in Taurus, Ophiuchus, Sagittarius, and elsewhere, and of 
the eccentric position of the Sun with respect to the local cloud and the 
general galaxy. This heterogeneity in the composition of the galactic 
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system will seriously disturb all attempts to make a closer analysis of 
galactic structure and concentration on the basis of general star 
counts. 

29. The difference in galactic concentration in four quarters of 
longitude is Ulustrated by the curves in Figure 4 for stars of division A, 
Nort has previously given somewhat similar curves for fainter stars, 
but necessarily without discriminating the spectral classes. 

30. An investigation of the distribution of M stars of all available 
magnitudes, reported in Harvard Circular 245, includes the following 
results: 

a. Fainter than the eighth magnitude, the Ma and Mb stars are 
both moderately concentrated to the galactic plane. 

b. Brighter than the eighth magnitude, stars of Class Mb show no 
galactic concentration, while the Ma stars are more numerous per unit 
area by thirty per cent between latitudes —10° and —30° than else- 
where. 

ce. Variable stars of Class Md appear to be concentrated to galactic 
latitude —20°, but the marked asymmetry in longitude is the more 
striking characteristic in the distribution of these stars (Cf. No. 11 
above). 


IV. Tue AppaRENT FREQUENCY OF VARIOUS SPECTRAL CLASSES. 


31. The frequency of the spectral classes at different galactic lati- 
tudes is shown graphically in the twelve diagrams of Figure 5, where 
the ordinates are average numbers of stars (to magnitude 8.25) in a 
hundred square degrees and the abscissas are spectral divisions. 

32. The preponderance of A stars in low latitudes and of K stars 
in high latitudes is a conspicuous feature to this magnitude limit. 
The diagrams indirectly indicate that the distant Milky Way regions 
are represented chiefly by their giant stars. 

33. The excess of B and A stars in southern latitudes near the 
galactic equator presumably results from the dip of the local system. 
Elsewhere the differences between the two hemispheres are not signi- 
ficant, except for the bright group of A stars in Coma at the north 
galactic pole. 

34. Of the stars within 15° of the galactic circle, thirty-eight per 
cent are of division A and twenty-nine per cent are of division K, thus 
indicating that these two classes definitely predominate in the nearer 
parts of the Milky Way (distance between one hundred and five hun- 
dred parsecs), in so far as stars of the ordinary catalogues are con- 
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Figure 5. The relative frequency of spectral type in different galactic 
latitudes for all stars brighter than 8.25. 


cerned. When we consider the stars in a given volume of space, 
however, the dwarf stars, of Class G and later, are found greatly to 
outnumber the giants of Classes A and K. 
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35. Taking the stars of all latitudes and magnitudes together, and 
also taking visual magnitude 8.75 as the fainter limit, we derive the 
distribution among the various spectral classes that is shown in Figure 
6. Here the K stars are most numerous, as was also found for the 
naked eye stars. 


M 
Ficure 6. Frequency of spectral type without regard to galactic latitude. 


V. Tue DISTANCES OF THE STARS. 


36. Increasing knowledge of the average intrinsic luminosity for 
most of the principal spectral types is transforming the problem of 
distances for faint objects into the task of sorting the stars into inter- 
vals of spectrum and apparent magnitude. The Henry Draper Cata- 
logue thus becomes a fruitful source for the derivation of stellar paral- 
laxes with an accuracy sufficient for many statistical purposes. 

37. Brief consideration indicates that the B, A, K, and M stars of 
the Henry Draper Catalogue are very largely giants, at least to the 
magnitude 8.25. The F and G stars are chiefly dwarfs, although 
among them there is a scattering of giants and c-stars. If d denotes 
the distance in parsecs and m the apparent magnitude, we can com- 
pute the individual distances of about 150,000 faint stars with an 
average uncertainty of less than twenty-five per cent, by using the 
formula d = 61.58”, where b is given by the relation logb = 1 — 0.2M 
and M is the mean absolute magnitude. 
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38. The following tabulation gives the value of 6 for the spectral 
classes where it can be safely inferred, and gives also the number of 
catalogue stars to which the formula can be applied: 


BO-5 —1.5 20 3,067 
B8, 9 —0.3+0.4 11.5 12,803 
AO +0.4+0.4 8.3 30,816 
A2, 3 1.2+0.4 5.8 20,640 
Ad 1.7+0.45 4.6 5,064 
FO 2.4+0.4 3.3 9,800 
F2 2.8+0.4 2.8 6,256 
‘5 3.40.35 2.1 13,528 
KO 0.6+0.4 7.6 22,100 
K2 0.5+0.3 7.9 8,100 
K5 0.2+0.3 9.1 10,048 
M 0.0+0.3 10 3,816 


For the red variables of Classes M and S, } is about 9.1 at maximum 
magnitude; ? for the cluster type Cepheids it is 11.8 at median magni- 
tude, and for the few R and N stars it may be provisionally taken as 
21 and 30, respectively. 

39. For Classes F8, GO, and G5 the dispersion in absolute bright- 
ness is so great that spectrum and apparent magnitude are not suffi- 
cient criteria of parallax. For Classes KO and K2 the increasing 
admixture of dwarfs makes it unsafe to apply the tabulated mean 
absolute magnitude to stars fainter than 9.0. For the other classes 
the method applies to all the stars in the catalogue, with the proba- 
bility that now and then a bad error will be made by unknowingly 
applying the above formula to occasional unrecorded c-stars or 
reddish dwarfs. Fainter than magnitude eight the accidental and 
systematic errors in the apparent brightness are probably the source 
of greatest uncertainty in the deduced parallaxes. ‘ 

40. Since the mean absolute magnitude of M stars can be taken as 
zero, the new data on the frequency of spectral classes, and the 
relation logd = 0.2m+1, show that there are fifteen hundred giant 
M stars within five hundred parsecs of the Sun, and that there are 
three thousand within eight hundred parsecs. 


2 Cf. recent work on proper motions by R. E. Wilson. Astronomical Journal, 
35, 125, 1923, 
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41. The total number of early B stars in the Henry Draper Cata- 
logue is about 3600, of which at least twenty per cent are farther away 
than one thousand parsecs (H.B. 787, 1923). The faintest are of 
visual magnitude 11.6, and are probably more than three thousand 
parsecs distant. 

42. A great majority, probably more than ninety-five per cent, of 
the stars of all classes and magnitudes in the catalogue, are within 
one thousand parsecs of the Sun. 

43. Figure 2 shows a group of twenty faint stars in the region of 
Orion, which are presumably members of the Orion cluster. Accept- 
ing Kapteyn’s value of the distance of the stars in Orion, we deduce 
that these early B’s have the somewhat anomalous absolute magni- 
tudes of +1 to +2. An alternative hypothesis is that their apparent 
magnitudes have been diminished by the dark obscuring nebulosities 
of that region, their absolute luminosities being normal. 


VI. NuMBER oF Stars IN Unit VOLUME. 


44. From the average number of stars in one hundred square 
degrees, we can determine for each spectral class the average number 
of stars in a given volume of space, if, through knowledge of the 
absolute luminosity, we first determine the limit of distance for that 
class and assume uniform stellar density out to the limit. By using 
star counts in low galactic latitude only, the assumption of uniform 
density is qualitatively safe, except possibly for B stars. Using the 
values of the average absolute magnitude given in Section V, and the 
data of star counts represented by the diagrams in Figure 3, we readily 
compute the results shown by the following tabulation: 

Spectral Surface Distance Space 
Division Limit Number 
B 880 4.4 
A 340 250 
F ; 140 680 
G 70 7600 
Giant K 9. 350 160 
Giant M ; 430 22 


The second column gives the average number of stars in a hundred 
square degrees, the third gives the distance in parsecs to which the 
stars extend when we go down to apparent magnitude 8.25, and the 
last column gives the number of stars in a million cubic parsecs. 
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45. The space frequency of the various spectral classes has pre- 
viously been considered by Eddington, Hertzsprung, Luyten, and 
others for the region within a few parsecs of the Sun, which, however, 
is not sufficiently large to represent the relative numbers of giant 
stars. The same problem has also been investigated for globular 
clusters, where only giant stars could be reached. The present survey 
covers a much greater region in space. For example, the volume 
explored for the B stars is about 1.5 X 10° cubic parsecs. 

46. From the third column it is seen that the space throughout 
which the B stars lie is two thousand times as great as that for the 
dwarf stars of Class G. 

47. The tabulation does not take account of the Cepheids, the 
giant stars of Class G, the abnormally faint A and F stars, nor the 
dwarts of Classes K and M. Stars of these last two classes are 
probably much more numerous per unit volume than dwarf stars of 
Class G. The giant G stars, as a first approximation, may be taken 
as one-half as numerous as the giants of Class M. 

48. The counts used for the tabulated space frequencies above 
were made for 2300 square degrees in all longitudes along the Milky 
Way. Local aggregations therefore probably have not affected the 
results appreciably. Although the deduced space numbers for vari- 
ous reasons cannot be considered highly accurate, they are believed 
to be of the right order of magnitude, since the material is extensive 
and the absolute magnitudes are fairly well known. 

49. The most important deduction from the table above is that 
the great majority of the stars are extreme dwarfs, apparently indi- 
cating that a star spends most of its life in the later stages of the spec- 
tral series. There are nearly two thousand times as many dwarf stars 
like the Sun as early B stars, and three hundred and fifty times as 
many solar stars as giants of Class M. ‘These numbers are of obvious 
significance in considering the course and speed of stellar evolution. 
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